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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re New National Phase Patent Application of 
Shinji YAMAMOTO et al. 

Japanese Priority Application No. PCT/JP00/01521 
Japanese Priority Date: March 14, 2000 
For: SEMICONDUCTOR APPARATUS AND 
COMMUNICATION APPARATUS 

PRELIMINARY AMENDMENT 

Honorable Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please preliminarily amend the subject application as follows: 
IN THE SPECIFICATION : 

Please amend page 13, paragraph 5 as follows: 

Figs. 30(a) and 30(b) show diagrams each illustrating an adjacent channel 
leak power which defines the distortion of a digital modulation type power amplifier. 

IN THE CLAIMS : 

Please cancel claims 7 and 8 and amend claim 14 as follows: Please note that 
claims 1 and 14 are presented below in their amended form. They are further 
presented as an Attachment to the Amendment whereby the amendments to the 
claims are outlined using the conventional method of bracketing and underlining. 



Attn: Applications 
Branch 

Date: August 21, 2001 
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1. (Amended) A semiconductor apparatus, comprising, on a same 
semiconductor substrate: 

two or more semiconductor devices to which two or more signals 
having different frequency ranges are input, respectively; and 

a constant current source commonly connected to one ends of the 
semiconductor devices, 

wherein at least one of the semiconductor devices is provided with a 
control terminal for turning on/off the semiconductor device, and 

a constant current value of the constant current source is set to a 
current value needed for the semiconductor device requiring a lowest distortion 
among the two or more semiconductor devices. 

14. (Amended) The semiconductor apparatus of claim 12, 

wherein an inductor is connected to a source of the field effect 
transistor. 



NVA193592.1 



-3- 



Docket: 740819-567 



REMARKS 



Claims 7 and 8 have been canceled in accordance with the Article 34 
amendment during the international phase. Claim 14 has been amended to correct 
the claim dependency therein. 

Examination on the merits is requested. 



Eric J. Robinson 
Registration No. 38,285 

NIXON PEABODY LLP 
8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 
(703) 790-9110 



Respectfully submitted, 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



Please amend page 13, paragraph 5 as follows: 

[Fig. 30 shows] Figs. 30(a) and 30(b) show diagrams each illustrating an 
adjacent channel leak power which defines the distortion of a digital modulation type 
power amplifier. 

1. (Amended) A semiconductor apparatus, comprising, on a same 
semiconductor substrate: 

two or more semiconductor devices to which two or more signals 
having different frequency ranges are input, respectively; and 

a constant current source commonly connected to one ends of the 
semiconductor devices, 

wherein at least one of the semiconductor devices is provided with a 
control terminal for turning on/off the semiconductor device , and 

a constant current value of the constant current source is set to a 
current value needed for the semiconductor device requiring a lowest distortion 
among the two or more semiconductor devices . 

14. (Amended) The semiconductor apparatus of claim 12 [or 13], 

wherein an inductor is connected to a source of the field effect 

transistor. 
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DESCRIPTION 



SEMICONDUCTOR APPARATUS AND COMMUNICATION APPARATUS 



TECHNICAL FIELD 

The present invention relates to a high frequency 
semiconductor apparatus and a high frequency communication 
apparatus for use in radio equipment. 



BACKGROUND ART 

In recent years, active researches have been 
conducted on dual-band portable telephones using two 
communication systems for one terminal in order to ensure a 
sufficient number of communication channels. Since a dual- 
band portable telephone uses two frequency bands, it requires 
two of each of the following components that are normally 
required in a high frequency block: low noise amplifier (Low 
Noise Amplifier; hereinafter referred to as "LNA" ) ; power 
amplifier (Power Amplifier; hereinafter referred to as "PA"); 
down-mixer (Down Mixer; hereinafter referred to as "D-Mix" ) ; 
up-mixer (Up Mixer; hereinafter referred to as "U-Mix" ); and 
local signal generator (Voltage Controlled Oscillator; 
hereinafter referred to as "VCO" ) , and it also requires a 
power switch for operating these components in a time 
division manner, a reception path switch (hereinafter 
referred to as "RX-SW") for switching the reception path, a 



transmission path switch (hereinafter referred to as "TX-SW" ) 
for switching the transmission path, etc. 

FIG. 32 illustrates an example of a high frequency 
block of a conventional dual-band portable telephone. In FIG. 
32 , 101 denotes an antenna (hereinafter referred to as "ANT"), 
102 denotes a 1- input/ 4 -output antenna switch (hereinafter 
referred to as "ANT-SW" ) , 111 denotes an LNAl, 112 denotes an 
LNA2, 121 denotes a D-Mixl , 122 denotes a D-Mix2, 131 denotes 
a U-Mixl, 132 denotes a U-Mix2, 141 denotes a PAl, 142 
denotes a PA2, 151 denotes a VCOl, 152 denotes a VC02 , 161 
denotes an RX-SW, and 162 denotes a TX-SW. 

The operation of the high frequency block illustrated 
in FIG. 32 will now be described briefly. 

The ANT 101 catches radio wave in the air and guides 
it into the telephone. The ANT-SW 102 connects one of the 
four signal paths RXl , RX2, TXl and TX2 to the ANT 101. 

Next, the operation of the reception side will be 
described. The following description will be made with 
respect to the signal path RXl for example. A signal having 
a frequency fRXl that is received at the ANT 101 is amplified 
by the LNAl 111 and passed to the D-Mixl 121. The VCOl 151 
generates a signal having a frequency fLOl, and fRXl and fLOl 
are mixed together at the D-Mixl 121, thus being down- 
converted to a frequency fIF. At this time, the absolute 
value of fRXl -fLOl is fIF. The operation of the LNA2 112 and 
the D-Mix2 122 in the signal path RX2 is just as described 



above, wherein a frequency fRX2 received at the ANT 101 and a 
frequency fL02 generated by the VC02 152 are mixed together 
at the D-Mix2 122, thus being down-converted to the frequency 
fIF. At this time, the absolute value of fRX2-fL02 is flF. 
While the RX-SW 161 switches between signals from the D-Mixl 
121 and the D-Mix2 122, the subsequent circuit components 
after the RX-SW 161 can be shared because the frequencies of 
the output terminals of the D-Mixes are both fIF. 

Next, the operation of the transmission side will be 
described. The following description will be made with 
respect to the signal path TXl for example. While the TX-SW 
162 is switched so as to input a signal to either one of the 
U-Mixl 131 and the U-Mix2 132, the frequency of the signal is 
f MOD in either case. The VCOl 151 generates a signal having 
the frequency fLOl, and the signals having the frequencies 
f MOD and fLOl are mixed together at the U-Mixl 131, thus 
being up-converted to a frequency fTXl. At this time, the 
sum of fLOl and f MOD is fTXl. The PA1 141 amplifies the 
signal having the frequency fTXl from the U-Mixl 131 to the 
antenna transmission output. The operation of the U-Mix2 132 
and the PA2 142 in the signal path TX2 is just as described 
above, wherein the sum of fL02 and f MOD is f TX2 . 

Now, the configuration of the LNA block of the dual- 
band portable telephone will be described in detail with 
particular focus on the LNA block in FIG. 32. 

FIG . 33 illustrates an example of an LNA block of a 



conventional dual-band portable telephone. 10 denotes a 
power supply, 1111 denotes an input terminal of the LNAl 111, 
1121 denotes an input terminal of the LNA2 112, 1112 denotes 
an output terminal of the LNAl 111, 1122 denotes an output 
terminal of the LNA2 112, 1114 denotes a power supply SW of 
the LNAl 111, 1124 denotes a power supply SW of the LNA2 112. 
In FIG. 33, the peripheral matching components, etc., are 
omitted, and each area surrounded by a broken line denotes an 
individual device. This also applies to other drawings 
discussed below. 

The power supply SW of the LNAl 1114 is connected 
between a power supply terminal of the LNAl 111 and the power 
supply 10, and turns on/off the power supply of the LNAl 111. 
The power supply SW of the LNA2 1124 is connected between a 
power supply terminal of the LNA2 112, and turns on/off the 
power supply of the LNA2 112. The respective ground 
terminals of the LNAl 111 and the LNA2 112 are both connected 
to the ground. 

In a portable telephone, it is important to reduce 
the power consumption thereof in order to ensure a long 
calling time. Therefore, the power supply of a device that 
is not being operated is typically turned off. Specifically, 
when the LNAl 111 is operated, the power supply of the LNA2 
112 is turned off. Therefore the power supply SW 1114 is 
turned on and the power supply SW 1124 is turned off. 
Conversely, when the LNA2 112 is operated, the power supply 



of the LNA1 111 is turned off. Therefore, the power supply 
SW 1124 is turned on and the power supply SW 1114 is turned 
off. Moreover, during transmission, neither the LNAl 111 nor 
the LNA2 112 needs to be turned on. Therefore, both of the 

5 power supply SWs 1114 and 1124 are turned off. 

Typically, a 3- to 4-terminal device such as a 
transistor or a regulator is used as a power supply SW, and a 
3- to 4-terminal device such as an Si bipolar transistor or a 
GaAs FET is used as an LNA. Therefore, the LNA block as a 

0 whole requires a total of 4 devices, i.e., two 3- to 4- 
terminal devices as power supply SWs and two 3- to 4-terminal 
devices as LNAs . Moreover, this directly applies to the 
other three blocks, i.e., PA, D-Mix and U-Mix, as well as the 
LNA block, and a total of four devices, i.e., two power 

5 supply SWs and two amplification devices such as transistors 
are required for each block. 

Thus, when producing a dual-band portable telephone 
using a conventional device, it requires twice as many 
components as those for a single-band portable telephone. As 

0 a result, the mounting area on the substrate increases, 
whereby it is difficult to reduce the size of the terminal. 

An object of the present invention is to reduce the 
number of components in a high frequency block of a dual-band 
portable telephone so as to realize a reduction in the size 

5 of the dual-band portable telephone. 
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DISCLOSURE OF THE INVENTION 

In order to achieve the above object, the present 
- invention provides a communication apparatus such as a dual- 

band portable telephone in which a plurality of LNAs or D- 
5 Mixes provided in an LNA block, a D-Mix block, etc., can be 
selectively switched from one to another without using a 
power supply SW. 

Specifically, a semiconductor apparatus of the 
72 invention of claim 1 includes, on a same semiconductor 

]£lo substrate: two or more semiconductor devices to which two or 
Jrf more signals having different frequency ranges are input, 

jjl respectively; and a constant current source commonly 

connected to one ends of the semiconductor devices, wherein 
^ at least one of the semiconductor devices is provided with a 

1--15 control terminal for turning on/off the semiconductor device. 

The invention of claim 2 is the semiconductor 
apparatus of claim 1, wherein each of the semiconductor 
devices is a power amplification device. 

The invention of claim 3 is the semiconductor 
20 apparatus of claim 1, wherein each of the semiconductor 
devices is a frequency conversion device. 

The invention of claim 4 is the semiconductor 
apparatus of claim 2, wherein the power amplification device 
is provided by using a field effect transistor. 
25 The invention of claim 5 is the semiconductor 

apparatus of claim 3, wherein the frequency conversion device 

6 



is provided by using a dual-gate type field effect transistor. 

The invention of claim 6 is the semiconductor 
apparatus of claim 1, 2 or 3, including a power supply switch 
commonly connected to other ends of the semiconductor devices. 
5 The invention of claim 7 is the semiconductor 

apparatus of claim 1, 2 or 3, wherein a constant current 
value of the constant current source is set to a current 
value needed for the semiconductor device requiring a lowest 
^ = distortion among the two or more semiconductor devices . 

10 The invention of claim 8 is the semiconductor 

T apparatus of claim 1, 2 or 3, wherein a constant current 

T value of the constant current source is set to a current 

{~ value needed for the semiconductor device receiving a signal 

of a highest frequency range among the two or more 
15 semiconductor devices. 

The invention of claim 9 is the semiconductor 
apparatus of claim 1, 2 or 3, wherein the constant current 
source is provided by using a field effect transistor and a 
resistor. 

20 The invention of claim 10 is the semiconductor 

apparatus of claim 1, 2 or 3, wherein the two or more 
semiconductor devices and the constant current source are 
sealed in a same package. 

The invention of claim 11 is the semiconductor 

25 apparatus of claim 1, 2 or 3, wherein output terminals of the 
two or more semiconductor devices are commonly connected and 
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shared, with an output side return loss being less than or 
equal to -6 dB over an entire extent of each frequency range. 

The invention of claim 12 is the semiconductor 
apparatus of claim 4 or 5, wherein a grounded capacitor is 
5 connected in parallel to the constant current source. 

The invention of claim 13 is the semiconductor 
apparatus of claim 12, wherein an impedance value of the 
grounded capacitor for a frequency of the signal having a 
lowest frequency range among the two or more input signals is 
-MLO set to be sufficiently small for an impedance value of the 

constant current source. 
!;- The invention of claim 14 is the semiconductor 

apparatus of claim 12 or 13, wherein an inductor is connected 
5l to a source of the field effect transistor. 

■45 The invention of claim 15 is the semiconductor 

apparatus of claim 14, wherein the inductor is arranged in 
series with the grounded capacitor. 

The invention of claim 16 is the semiconductor 
apparatus of claim 1 , 2 or 3 , wherein the constant current 
20 source is provided with a control terminal for turning on/off 
the constant current source. 

A communication apparatus of the invention of claim 
17 includes a semiconductor apparatus of claim 1 and an 
antenna, wherein the two or more signals having different 
25 frequency ranges that are received by the antenna are input 
to the respective semiconductor devices, or two or more 
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signals having different frequency ranges that have been 
processed by the semiconductor devices are output from the 
antenna . 

According to the invention of claims 1 to 10 and 17, 
with the above-described configuration, a plurality of 
semiconductor devices are turned on/off based on the voltage 
applied to a control terminal provided in at least one of the 
semiconductor devices, thereby allowing for free selection of 
any one of the plurality of semiconductor devices. Therefore, 
only one power supply SW is required while the prior art 
required the same number of power supply SWs as the number of 
semiconductor devices, and the plurality of semiconductor 
devices and the constant current source can be packaged into 
a single device. Thus, the number of components is reduced, 
thereby realizing a reduction in the size of the portable 
terminal. 

According to the invention of claim 11, an output 
terminal is shared by a plurality of semiconductor devices, 
thereby reducing the number of terminals of a single packaged 
device. 

Furthermore, according to the invention of claims 12 
and 13, in a case where each semiconductor device is provided 
by using a field effect transistor, the source terminal of 
the field effect transistor is grounded for high frequencies 
and opened for direct currents by a grounded capacitor, 
thereby improving the high frequency characteristics . 

9 



In addition, according to the invention of claims 14 
and 15, a source inductor makes it possible to improve the 
stability factor of the field effect transistors while 
ensuring a desirable gain of the field effect transistors, 
thereby achieving both a low noise figure and a desirable 
input return loss in the field effect transistors. 

Furthermore, according to the invention of claim 16, 
the power supply SW is eliminated, and the semiconductor 
block can be provided by using only one device, thereby 
further reducing the number of components and realizing a 
reduction in the size of a portable terminal. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating a configuration of 
an LNA block of a dual-band portable telephone according to 
the first embodiment of the present invention. 

FIG. 2(a) is a diagram illustrating a configuration 
of an LNA block^of a dual-band portable telephone according 
to the second embodiment of the present invention, and FIG. 
2(b) is a diagram illustrating the operation of three LNAs 
based on the combination of potentials of two control 
terminals provided in the LNA block. 

FIG. 3 is a diagram illustrating a configuration of a 
D-mix block~of a dual-band portable telephone according to 
the third embodiment of the present invention. 

FIG. 4 is a diagram illustrating a configuration of 



an LNA block of a dual-band portable telephone according to 
the fourth embodiment of the present invention. 

FIG. 5 is a diagram illustrating a variation of the 
embodiment . 

FIG. 6(a)^ is a diagram illustrating a configuration 
of an LNA block of a dual-band portable telephone according 
to the fifth embodiment of the present invention, and FIG. 
6(b) is a diagram illustrating a specific example of a 
constant current source. 

FIG. 7 is a diagram illustrating a first variation of 
the embodiment. 

FIG. 8 is a diagram illustrating a second variation 
of the embodiment. 

FIG. 9 is a diagram illustrating a third variation of 
the embodiment. 

FIG. 10 is a diagram illustrating a configuration of 
an LNA block^olP a dual-band portable telephone according to 
the sixth embodiment of the present invention. 

FIG. 11 is a diagram illustrating a first variation 
of the embodiment. 

FIG. 12 is a diagram illustrating a second variation 
of the embodiment. 

FIG. 13 is a diagram illustrating a third variation 
of the embodiment. 

FIG. 14 is a diagram illustrating a configuration of 
an LNA block of a dual-band portable telephone according to 
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the seventh embodiment of the present invention. 

FIG. 15 is a diagram illustrating a variation of the 
embodiment . 

FIG. 16 is a diagram illustrating a configuration of 
an LNA block'^of^ a dual-band portable telephone according to 
the eighth embodiment of the present invention. 

FIG. 17 is a diagram illustrating a first variation 
of the embodiment. 

FIG. 18 is a diagram illustrating a second variation 
of the embodiment. 

FIG. 19 is a diagram illustrating a third variation 
of the embodiment. 

FIG. 20(a) is a diagram illustrating a fourth 
variation of the embodiment/ and FIG. 20(b) is a diagram 
illustrating a specific example of a constant current source 
having a control terminal. 

FIG. 21 is a diagram illustrating a fifth variation 
of the embodiment . 

FIG. 22 is a diagram illustrating a sixth variation 
of the enibodiment . 

FIG. 23 is a diagram illustrating a seventh variation 
of the embodiment. 

FIG. 24 is a diagram illustrating an eighth variation 
of the embodiment. 

FIG. __2JS_ j ls a diagram illustrating a ninth variation 
of the embodiment. 

12 



FIG. 26 is a diagram illustrating a tenth variation 
of the embodiment. 

FIG. 27 is a diagram illustrating an eleventh 
variation of the embodiment. 

FIG. 28 is a diagram illustrating a twelfth variation 
of the embodiment. 

FIG. 29 is a diagram illustrating a thirteenth 
variation of the embodiment. 

FIG. 30 shows diagrams each illustrating an adjacent 
channel leak "power which defines the distortion of a digital 
modulation type power amplifier. 

FIG. 31 is a diagram illustrating frequency vs. 
output side return loss characteristics, illustrating 
conditions under which an output terminal can be shared by 
two low noise amplifiers provided in an LNA block. 

FIG. 32 is a diagram illustrating an example of a 
high frequency block of a conventional dual-band portable 
telephone. 

FIG. 33 is a diagram illustrating an example of an 
LNA block of a conventional dual-band portable telephone. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will now be 
described with reference to the drawings. 

Note that the following embodiments only deal with 
the LNA block and the D-Mix block of a dual-band portable 



telephone. While the PA block handles a power greater than 
that handled by the LNA block, the circuit configuration of 
? the PA block is totally the same as that of the LNA block, 

and while the frequencies input to the respective terminals 
5 of the U-Mix block are different from those for the D-Mix 
block, the circuit configuration of the U-Mix block is the 
same as that of the D-Mix block. Therefore, the PA block and 
the U-Mix block will not be described below. 

.VlO (FIRST EMBODIMENT) 

y FIG. 1 illustrates a configuration of an LNA block 

p according to the first embodiment of the present invention, 

s which is provided in a dual-band portable telephone as a 

:i communication apparatus. In FIG. 1, 111 denotes a first LNAl 

'-^15 (a semiconductor device and power amplifier device), 112 
denotes a second LNA2 (a semiconductor device and power 
amplifier device), 10 denotes a power supply, 1114 denotes a 
power supply SW, and 115 denotes a constant current source 1 . 
Moreover, 1111 denotes an input terminal of the first LNAl 
20 111/ 1112 denotes an output terminal of the first LNAl 111, 

1121 denotes an input terminal of the second LNA2 112, and 

1122 denotes an output terminal of the second LNA2 112 . 

The power supply terminals of the first LNAl 111 and 
the second LNA2 112 are commonly connected, and the power 
25 supply SW 1114 is connected between the common terminal and 
the power supply 10. Moreover, the ground terminals of the 

14 



first LNA1 111 and the second LNA2 112 are commonly connected, 
and the constant current source 1 115 is connected between 
e the common terminal and the ground. Furthermore, the input 

terminal 1111 and the output terminal 1112 of the first LNAl 
5 and the input terminal 1121 and the output terminal 1122 of 
the second LNA2 are each independent as a terminal. High 
frequency signals having different frequency ranges from each 
other are respectively input to the first LNAl 111 and the 
□ second LNA2 112 . The frequency ranges of the high frequency 

"'=10 signals may either partially overlap with each other, or be 
t» entirely different with no overlap. 

»^ Of the first LNAl 111 and the second LNA2 112, the 

first LNAl 111 is provided with a control terminal 1115 for 
>y turning on/off the first LNAl 111. When the potential of the 

□15 control terminal 1115 is high, the first LNAl 111 is turned 
on, and when it is low, the first LNAl 111 is turned off. 

As shown in FIG. 1 surrounded by a broken line, the 
first LNAl 111, the second LNA2 112 and the constant current 
source 1 115 together form a circuit device 117 integrated on 
2 0 the same semiconductor substrate, and the circuit device 117 
is sealed in a single package. 

Next, the operation of the LNA block illustrated in 
FIG. 1 will be described. Now, it is assumed that the 
constant current value of the constant current source 1 115 
25 is II. With the configuration of FIG. 1, the sum of the 
current of the first LNAl 111 and the current of the second 
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LNA2 112 is always the constant current value II because of 
the constant current source 1 115. Therefore, when a low 
potential is applied to the control terminal 1115 of the 
first LNA1 111, the first LNA1 111 is turned off, whereby the 
current value thereof is "0". At this time, the current 
value of the second LNA2 112 is the constant current value II, 
whereby the second LNA2 112 is turned on. Conversely, when a 
high potential is applied to the control terminal 1115 of the 
first LNA1 111, the first LNA1 111 is turned on, whereby the 
current value of the first LKAl 111 is equal to the constant 
current value II, and the second LNA2 112 is turned off with 
the current value thereof being "0". Thus, the two LNAs 111 
and 112 can be switched from one to another based on the 
voltage applied to the control terminal 1115 of the first 
LNAl 111 without using the power supply SW 1114. Note that 
during transmission, the power supply SW 1114 is turned off 
(closed), thereby turning off both of the LNAs 111 and 112. 

The constant current value II of the constant current 
source 1 115 will be described. For an LNA, there exists a 
minimum current consumption that satisfies the specifications 
of the high frequency characteristics such as gain and 
distortion. When an operating current of a value that is 
greater than the minimum current consumption value is allowed 
to flow, the high frequency characteristics are basically 
improved, but there will be a waste of current. Now, 
assuming that the minimum current consumptions of the first 
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LNA1 111 and the second LNA2 112 are Ilmin and I2min, 
respectively, it is most desirable in the present embodiment 
that Ilmin=l2min holds. In such a case, the constant current 
value II of the constant current source 1 115 is set to 
Ilmin=l2min=Il . By this setting, there will be no waste of 
current consumption. 

On the other hand, when the third order 
intermodulation distortions of the two LNAs, i.e., the LNA1 
111 and the LNA2 112, differ from each other, the minimum 
current consumption values required for the LNAl 111 and the 
LNA2 112 also differ from each other. In such a case, the 
minimum current consumption value required for the LNA that 
has the lower third order intermodulation distortion is 
greater than the minimum current consumption value of the 
other LNA of the higher distortion. Therefore, when the 
minimum current consumption values of the LNAs differ from 
each other, the constant current value II of the constant 
current source 1 115 is set to coincide with the minimum 
current consumption value of the LNA having the lower third 
order intermodulation distortion. In such a case, when the 
LNA having the higher third order intermodulation distortion 
is on, a waste of current in excess of the minimum current 
consumption value thereof flows through the LNA. Therefore, 
it is desirable to bring the minimum current consumption 
values of the LNAs closer to being equal to each other 
(Ilmin=I2min) by changing the device parameters of the LNAl 



Ill and the LNA2 112 such as gate length and gate width. 

Note that while a case where an LNA is used as a 
semiconductor device is described in the present embodiment, 
the present invention can similarly be applied to cases where 
a PA is used as a semiconductor device. In such a case, 
since the PA is operated during signal transmission, the 
power supply SW 1114 is turned off so as to stop the 
operation of the two PAs during signal reception. Moreover, 
the setting of the constant current value II of the constant 
current source 1 115 is as follows . For a digital modulation 
type PA, the distortion is generally defined by the adjacent 
channel leak power. The adjacent channel leak power will be 
described briefly. As illustrated in FIG. 30, when a digital 
modulation operation is performed with a center frequency fc, 
the output wave will have a side lobe as indicated by the 
symbol "A" in FIG. 30(a), and the side lobe power increases 
in proportion to the distortion as illustrated in FIG. 30(b). 
In an adjacent channel whose frequency is displaced by +Af, 
the side lobe power is an interfering wave. Therefore, the 
side lobe power is used as an index of digital modulation 
type distortion, and the suppression ratio of the +fw to -fw 
band width power integrated value centered about fc+Af with 
respect to the +fw to -fw band width power integrated value 
centered about the center frequency fc is defined as an 
adjacent channel leak power Pad j . The adjacent channel leak 
power Padj is normally a negative value, and increases (the 
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absolute value thereof decreases) as the distortion increases. 
A digital modulation type PA has a lower distortion and 
requires a larger current consumption as the adjacent channel 
leak power Padj decreases (the absolute value thereof 
increases). Therefore, the constant current value II of the 
constant current source 1 115 is set to coincide with the 
current consumption value of one of the two PAs that has the 
smaller adjacent channel leak power Padj . 

An LNA block of the present embodiment is made up of 
a total of two individual devices, i.e., the single circuit 
device 117 obtained by integrating together the LNAl 111, the 
LNA2 112 and the constant current source 1 115 on the same 
semiconductor substrate, and another device composed of the 
power supply SW 1114. The conventional LNA block illustrated 
in FIG. 33 requires a total of four devices, i.e., two 
devices respectively composed of the two power supply SWs 
1114 and 1124, and other two devices respectively composed of 
the two LNAs 111 and 112. Therefore, as compared with the 
conventional example, the LNA block of the present embodiment 
provides a reduction in the number of components, thereby 
realizing a reduction in the size of a portable terminal. 

(SECOND EMBODIMENT) 

Next, an LNA block according to the second embodiment 
of the present invention will be described. While two LNAs 
are used in the first embodiment, three LNAs are used in the 



present embodiment. 

FIG. 2(a) illustrates an LNA block according to the 
present embodiment, wherein a third LNA3 113 is added to the 
LNA block of FIG. 1. A power supply terminal of the third 
LNA3 113 is connected to the power supply SW 1114, a ground 
terminal thereof is connected to the constant current source 
1 115, and an input terminal 1131 and an output terminal 1132 
thereof are provided independently. Moreover, as the first 
LNA1 111, the third LNA3 113 is provided with a control 
terminal 1135 for turning on/off the third LNA3 113. 

In the present embodiment, assuming that the current 
flowing through the first LNA1 111 is 111, the current 
flowing through the second LNA2 112 is 112, and the current 
flowing through the third LNA3 113 is 113, the constant 
current source II is expressed as 11=111+112+113. As 
illustrated in FIG. 2(b), the bias setting is such that 
111=11 and 113=0 hold when the control terminal 1115 of the 
first LNA1 111 is controlled to a high potential and the 
control terminal 1135 of the third LNA3 113 is controlled to 
a low potential. In this case, 112=0, whereby only the first 
LNA1 111 has a current flowing therethrough and is thus 
turned on. Similarly, the bias setting is such that 111=0 
and 113=11 hold when the control terminal 1115 of the first 
LNA1 111 is controlled to a low potential and the control 
terminal 1135 of the third LNA3 113 is controlled to a high 
potential. In this case, 112=0, whereby only the third LNA3 



113 has a current flowing therethrough and is thus turned on. 
On the other hand, when the respective control terminals 1115 
and 1135 of the first LNA1 111 and the third LNA3 113 are 
controlled to a low potential, 111=0 and 113=0 hold, whereby 
5 only the second LNA2 112 has a current flowing therethrough 
and is thus turned on. 

Therefore, the LNA block of the present embodiment, 
using three LNAs, also provides a reduction in the number of 
,7* components, thereby realizing a reduction in the size of a 

jj.0 portable terminal, as compared with the conventional example 
~: illustrated in FIG. 33. 

ffl Note that while it is desirable as in the first 

w embodiment that the minimum current consumption values of the 

three LNAs are set to be equal to one another and equal to 
3l5 the constant current value 11 of the constant current source 
1 115, when the third order intermodulation distortions 
thereof are different from one another, the constant current 
value II is set to coincide with the minimum current 
consumption value of one of the three LNAs that has the 
20 lowest distortion, i.e., the highest minimum current 
consumption value. 

Moreover, while three LNAs are used in the present 
embodiment, the present invention can of course be applied 
similarly to cases where four or more LNAs are used. 

25 

(THIRD EMBODIMENT) 
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FIG. 3 illustrates a configuration of a D-Mix block 
of a dual-band portable telephone according to the third 
embodiment of the present invention. In the present 
embodiment, two D-Mixes are used in place of two LNAs as in 
5 the first embodiment. 

In FIG. 3, 121 denotes a first D-Mixl (a 
semiconductor device and frequency conversion device) , 122 
denotes a second D-Mix2 (a semiconductor device and frequency 
conversion device), 125 denotes a constant current source 1, 

10 10 denotes a power supply, and 1214 denotes a power supply SW. 
The first D-Mixl 121 has an input terminal 1211 through which 
a high frequency signal from an LNA (not shown) is input, an 
LO input terminal 1213 through which a signal of the 
frequency fLOl from a local signal generator VCO (not shown) 

15 is input, and an output terminal 1212. Similarly, the second 
D-Mix2 122 has an input terminal 1221 through which a high 
frequency signal from another LNA (not shown) is input, an LO 
input terminal 1223 through which a signal of the frequency 
fL02 from another local signal generator VCO (not shown) is 

20 input, and an output terminal 1222. The power supply 
terminals of the two D-Mixes, i.e., the D-Mixl 121 and the D- 
Mix2 122, are commonly connected, and the power supply SW 
1214 is connected between the common terminal and the power 
supply 10. Moreover, the ground terminals of the D-Mixl 121 

25 and the D-Mix2 122 are commonly connected, and the constant 
current source 1 125 is connected between the common terminal 



and the ground. 

Furthermore, of the two D-Mixes , i.e., the D-Mixl 121 
and the D-Mix2 122, the first D-Mixl 121 has a control 
terminal 1215 for turning on/off the first D-Mixl 121. 

The switching between the two D-Mixes, i.e., the D- 
Mixl 121 and the D-Mix2 122, is performed by changing the 
voltage applied to the control terminal 1215 of the first D- 
Mixl 121 as in the first embodiment. The constant current 
value of the constant current source 1 125 is set to coincide 
with the minimum current consumption value of the D-Mix of 
the lower distortion as in the first embodiment. 

The two D-Mixes, i.e., the D-Mixl 121 and the D-Mix2 
122, and the constant current source 1 125 are integrated on 
the same semiconductor substrate to form a single circuit 
device 123, and the circuit device 123 is sealed in a single 
package. 

The operation of the D-Mix block of the present 
embodiment is similar to that of the LNA block of the first 
embodiment, and thus will not be described below. 

Therefore, the D-Mix block of the present embodiment 
is also made up of a total of two devices, i.e., the single 
circuit device 123 and another device composed of the power 
supply SW 1214. Thus, it is possible to reduce the number of 
components, thereby realizing a reduction in the size of a 
portable terminal, as compared with the conventional example 
illustrated in FIG. 33. 
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Note that while two D-Mixes are used in the present 
embodiment, a case where three or more D-Mixes are used is as 
described above in the second embodiment, and thus will not 
be described below. 

(FOURTH EMBODIMENT) 

FIG. 4 illustrates a configuration of an LNA block of 
a dual-band portable telephone according to the fourth 
embodiment of the present invention. In the following 
description, only the differences between the present 
embodiment and the first embodiment will be described, and 
those components already described above are provided with 
the same reference numerals and will not be described below. 

Specifically, the output terminal of the second LNA2 
112 is connected to the output terminal 1112 of the first 
LNA1 111, whereby an output terminal is shared by the first 
LNA1 111 and the second LNA2 112. Therefore, a circuit 
device 117 ' provides the effect of reducing the number of 
terminals by one from that of the circuit device 117 of the 
first embodiment. 

The conditions under which an output terminal can be 
shared by two LNAs will now be described. In a dual-band 
portable telephone, the frequency ranges of signals that are 
respectively input to two LNAs differ from each other. 
However, if the frequency ranges of the signals are close to 
each other, an output matching circuit 118 can be shared by 



the two LNAs, as illustrated in FIG. 4. Little reflection of 
power on the output terminal side of the output matching 
circuit 118 represents a desirably matched state, and in the 
desirably matched state, the return loss on the output 
terminal side of the output matching circuit 118 is small, 
i.e., less than or equal to the setting value, typically less 
than or equal to -6 dB, as illustrated in FIG. 31. Therefore, 
the case where the frequency ranges of two signals are close 
to each other refers to a case where, with the frequency 
range of the signal that is input to one LNA (e.g., the first 
LNA1 111) being fll-fl2 and with the frequency range of the 
signal input that is input to the other LNA (the second LNA2 
112) being f21-f22, the return loss on the output terminal 
side of the output matching circuit 118 is less than or equal 
to the setting value (e.g., -6 dB) in both of the frequency 
ranges . 

FIG. 5 illustrates a variation of the present 
embodiment. In the fourth embodiment, an output terminal is 
shared by the two LNAs 111 and 112, which are provided in the 
LNA block of the dual-band portable telephone. In the 
variation, an output terminal is shared by the two D-Mixes 
121 and 122 provided in the D-Mix block of the dual-band 
portable telephone of the third embodiment. Specifically, in 
FIG. 5, the output side of the second D-Mix2 122 is connected 
to the output terminal 1212 of the first D-Mixl 121, and the 
output terminal of the second D-Mix 122 is omitted. The 
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other parts, the conditions under which an output terminal 
can be shared, etc., are as described above in the fourth 
embodiment, and thus will not be described below. 

(FIFTH EMBODIMENT) 

FIG. 6(a) illustrates a configuration of an LNA block 
of a dual-band portable telephone according to the fifth 
embodiment of the present invention. The present embodiment 
is a specific implementation of the configuration of FIG. 1, 
which illustrates the first embodiment. Specifically, in the 
present embodiment, as an LNA, a field effect transistor 
(hereinafter referred to as " FET" ) is used as a source- 
grounded circuit, and a grounded capacitor is further 
provided . 

In FIG. 6(a), 201 denotes an FETl of the first LNA, 
202 denotes an FET2 of the second LNA, and 1114 denotes a 
power supply SW. Moreover, 2012 denotes a gate bias resistor 
1, 20221 denotes a gate bias resistor 2, 20222 denotes a gate 
bias resistor 3, 2013 denotes a choke inductor 1, 2023 
denotes a choke inductor 2, and 211 denotes a grounded 
capacitor. It is assumed that the FETl 201 and the FET2 202 
have an equal threshold value (hereinafter referred to as 
"Vth" ) . This also applies to the subsequent embodiments. 

The drains of the two FETs, i.e., the FETl 201 and 
the FET2 202, serve as the output terminals 1112 and 1122 and 
are connected to the choke inductor 1 2013 and the choke 



inductor 2 2023, respectively, the other ends of the choke 
inductors are commonly connected, the power supply SW 1114 is 
connected to the common terminal, and the other end of the 
power supply SW 1114 is connected to the power supply 10. 
5 Moreover, the sources of the FETl 201 and the FET2 202 are 
commonly connected, the constant current source 1 115 and the 
grounded capacitor 211 are connected in parallel to the 
common terminal, and the other ends thereof are connected to 
the ground. Moreover, the input terminal 1111 of the first 
10 FETl 201 is connected to the control terminal 1115 via the 
gate bias resistor 1 2012. On the other hand, the input 
terminal 1121 of the second FET2 202 is connected to the 
drain of the second FET2 202 and the ground via the gate bias 
resistor 2 20221 and the gate bias resistor 3 20222, 
15 respectively. The power supply SW 1114 is turned off during 
signal transmission so as to turn off both of the FETs 201 
and 202. 

The grounded capacitor 211 is provided to ground the 
source terminals of the two FETs 201 and 202 for high 

20 frequencies while opening them for direct currents so as to 
improve the high frequency characteristics. Therefore, the 
impedance of the grounded capacitor 211 is selected to be a 
sufficiently small value for the constant current source 1 
115 in a frequency to be used. Specifically, with the 

25 frequency being f (Hz), the impedance Rc of the grounded 
capacitor 211 is expressed as Rc=l / ( 2xjtxf xc ) , and if R»Rc 



(typically, R>10xRc) with the impedance of the constant 
current source 1 115 being R, a substantial portion of the 
current of the frequency component f flows through the 
grounded capacitor 211, whereby the voltage between the 
opposite ends of the grounded capacitor 211 for the frequency 
component f is substantially "0" (v) . In order for the 
expression R»Rc to be satisfied for each of the frequencies 
of the two input signals, the impedance Rc of the grounded 
capacitor 211 is set so as to correspond to the lower one of 
the frequency ranges of the two signals. 

Moreover, the two choke inductors, i.e., the choke 
inductor 1 2013 and the choke inductor 2 2023, are provided 
to supply DC power supplies to the FETl 201 and the FET2 202, 
respectively, and to open the impedance of the drain for high 
frequencies in a frequency to be used. Therefore, the 
impedance of each of the choke inductor 1 2013 and the choke 
inductor 2 2023 is selected to be sufficiently large for the 
load impedance in a frequency to be used. 

Furthermore, the gate bias resistor 1 2012 is 
provided to keep the control terminal 1115 and the input 
terminal 1111 of the first FET 201 at the same potential for 
direct currents and to isolate the terminals from each other 
for high frequencies. 

The constant current source 1 115 is provided by 
using an FET 301 and two resistors 311 and 312 as illustrated 
in FIG. 6(b), for example. Specifically, one end of the 
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resistor 311 is connected to the source of the FET 301 and 
the other end of the resistor 311 is connected to the gate of 
the FET 301 via the resistor 312. 

Note that while the impedance of an evaluation system 
is typically 50 Q or 75 Q, the input/output impedance of the 
FETs 201 and 202 normally takes a value other than these 
values. Therefore, in order to efficiently transmit a power 
to the FETs 201 and 202, there is actually required a 
matching circuit on the input/output side of each FET. 
However, the input /output matching circuits are omitted in 
FIG. 6(a). 

The circuit device 117 is obtained by integrating 
together the FET 201, the FET 202, the gate bias resistor 2 
20221, the gate bias resistor 3 20222, the grounded capacitor 
211 and the constant current source 1 115 on the same 
semiconductor substrate. 

Next, the operation of the circuit of FIG. 6(a) will 
be described. Now, it is assumed that the current value of 
the constant current source 1 115 during signal reception is 
II. In FIG. 6(a), it is assumed that the gate of the second 
FET2 202 is set to a voltage Vg2 by the two gate bias 
resistors 20221 and 20222. In a case where Vgl<Vg2, wherein 
Vgl is the voltage of the control terminal 1 1115, with the 
voltage Vgl being set to a low potential (e.g., "0" V), the 
constant current II flows through the second FET2 202 and the 
current of the first FETl 201 is "0". Therefore, the second 



FET2 202 is turned on, and the first FETl 201 is turned off. 
On the other hand, in a case where the voltage Vgl is set to 
a high potential, whereby Vgl>Vg2, the constant current II 
flows through the first FETl 201 and the current of the 
second FET2 202 is "0". Therefore, the first FETl 201 is 
turned on, and the second FET2 202 is turned off. 

Therefore, the present embodiment provides an effect 
that in a case where an LNA is provided by using an FET and a 
source-grounded circuit is provided, the source terminal of 
the FET can be grounded for high frequencies and opened for 
direct currents by the grounded capacitor 211, thereby 
improving the high frequency characteristics, in addition to 
providing the effect that an LNA block can be provided by 
using a total of two devices, thereby reducing the number of 
components and realizing a reduction in the size of a 
portable terminal, as in the first embodiment. 

FIG. 7 illustrates a first variation of the present 
embodiment. The variation shows a configuration similar to 
that of the D-Mix block of the dual-band portable telephone 
of the third embodiment (see FIG. 3) except that the two D- 
mixes are provided by using a first dual-gate FETl 301 and a 
second dual-gate FET2 302 while the grounded capacitor 211 is 
arranged in parallel to the constant current source 1 125. 
Specifically, in FIG. 7, 301 denotes a dual-gate FETl, 302 
denotes a dual-gate FET2 , 3012 denotes a gate bias resistor 1, 
30221 denotes gate bias resistor 2, 30222 denotes gate bias 



resistor 3, 3013 denotes a choke inductor 1, and 3023 denotes 
a choke inductor 2. It is assumed that the dual-gate FETl 
<■. 301 and the dual-gate FET2 302 have an equal threshold 

voltage Vth. This also applies to the subsequent embodiments. 
5 The drains of the dual-gate FETl 301 and the dual- 

gate FET2 302 are connected to the choke inductor 1 3013 and 
the choke inductor 2 3023, respectively, the other ends of 
the choke inductors are commonly connected, the power supply 
SW 1214 is connected to the common terminal, and the other 
fflO end of the power supply SW 1214 is connected to the power 
'% supply 10. Moreover, the sources of the dual-gate FETl 301 

= -"" and the dual-gate FET2 302 are commonly connected, the 

rj constant current source 1 125 is connected to the common 

fU terminal, and the other end of the constant current source 1 

g 15 125 is connected to the ground. Furthermore, the grounded 
capacitor 211 is connected in parallel to the constant 
current source 1 125. In the dual-gate FETs 301 and 302, the 
input terminal 1211, the input terminal 1221, the output 
terminal 1212, the output terminal 1222, the LO input 
20 terminal 1213 and the LO input terminal 1223 are all 
independent. The switching between the two D-Mixes is 
performed by changing the voltage applied to the control 
terminal 1 1115, which is connected to the input terminal 
1211 of the dual-gate FETl 301 via the gate bias resistor 1 
25 3012. Note that the constant current source 1 125 is 
provided by using the same circuit as that shown in FIG. 6(b) 
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The circuit device 123 is obtained by integrating 
together the dual-gate FETl 301, the dual-gate FET2 302, the 
gate bias resistor 2 30221, the gate bias resistor 3 30222, 
the grounded capacitor 211 and the constant current source 1 

5 125 on the same semiconductor substrate. 

Moreover, FIG. 8 and FIG. 9 respectively illustrate a 
second variation and a third variation of the present 
embodiment. The second variation shows a configuration 
similar to that of the LNA block of the dual-band portable 

0 telephone of the fourth embodiment (see FIG. 4) except that 
the two LNAs are provided by using the first dual-gate FETl 
201 and the second dual-gate FET2 202 while the grounded 
capacitor 211 is arranged in parallel to the constant current 
source 1 125. Furthermore, the third variation shows a 

5 configuration similar to that of the D-Mix block of the dual- 
band portable telephone of the variation of the fourth 
embodiment (see FIG. 5) except that the two D-Mixes sharing 
an output terminal are provided by using the first dual-gate 
FETl 301 and the second dual-gate FET2 302 while the grounded 

0 capacitor 211 is arranged in parallel to the constant current 
source 1 125 . 

The second and third variations as described above 
provide the effect that the source terminal of an FET is 
grounded for high frequencies and opened for direct currents 
5 by the grounded capacitor 211, thereby improving the high 
frequency characteristics, as in the present embodiment. 
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(SIXTH EMBODIMENT) 

FIG. 10 illustrates a configuration of an LNA block 
according to the sixth embodiment of the present invention. 
5 The present embodiment is an improvement to the configuration 
of FIG. 6(a), which illustrates the fifth embodiment. 
Specifically, in the LNA block of FIG. 10, which illustrates 
the present embodiment, an inductor between the source of the 
FETs and the ground is further added to the configuration of 
10 FIG. 6(a). 

Specifically, in FIG. 10, an inductor (hereinafter 
referred to as a "source inductor") 221 is connected in 
series with the grounded capacitor 211, and the series 
circuit of the grounded capacitor 211 and the source inductor 
15 221 is connected in parallel to the constant current source 1 
115. 

In the present embodiment, the source inductor 221 is 
inserted between the source of the first FETl 201 and the 
second FET2 202 and the ground, whereby the stability factor 

20 of the FETs 201 and 202 is improved, while the impedance 
"Gain max" at which the input return loss of the FETs 201 and 
202 is minimized and the impedance "Aopt" at which the noise 
figure is minimized come close to each other, thereby 
obtaining a good level of matching and a desirable noise 

25 figure. Note, however, the gain of the FETs 201 and 202 
decreases as the value of the source inductor 221 increases. 



Since the gain of an FET increases as the frequency of an 
input signal increases, the value of the source inductor 221 
is determined in the present embodiment so as to ensure that 
the gain of the FET whose input signal has the higher 
5 frequency is at an appropriate value. 

Therefore, in the present embodiment, the provision 
of the source inductor 221 makes it possible to improve the 
stability factor of the two FETs 201 and 202 from that in the 
fifth embodiment while ensuring a desirable gain of the first 
10 and second FETs 201 and 202, thereby achieving both a low 
noise figure and a desirable input return loss in the FETs 
201 and 202. 

FIG. 11 illustrates a first variation of the present 
embodiment. The variation is similar to the LNA block of the 

15 second variation of the fifth embodiment (see FIG. 8) except 
that the source inductor 1 221 is connected in series with 
the grounded capacitor 211 while the series circuit is 
connected in parallel to the constant current source 1 115 . 
Moreover, FIG. 12 and FIG. 13 illustrate a second variation 

20 and a third variation of the present embodiment, respectively. 
The second variation is similar to the LNA block of the 
present embodiment illustrated in FIG. 10 except that the 
position of the source inductor 1 221 is changed to a 
position between the source of the second FET2 202 and the 

25 constant current source 1 115, with only the grounded 
capacitor 211 being connected in parallel to the constant 



current source 1 115. Moreover, the third variation is 
similar to the LNA block of the first variation of the 
present embodiment (FIG. 11) except that the position of the 
source inductor 1 221 is changed as in the second variation. 

5 The second and third variations provide effects as those of 
the present embodiment. 

Note that while a case where a source inductor is 
provided for an LNA block is illustrated in the second and 
third variations of the present embodiment, it is of course 

0 possible to similarly provide a source inductor for a D-mix 
block, etc. 



(SEVENTH EMBODIMENT) 

FIG. 14 illustrates a configuration of an LNA block 
5 according to the seventh embodiment of the present invention. 
In the present embodiment, the source inductor 221 of the 
sixth embodiment is provided separately for each of two FETs . 

In the present embodiment, it is assumed that the 
relationship fRXl<fRX2 holds between the frequency fRXl of a 
0 signal that is input to the first FET1 201 and the frequency 
fRX2 of a signal that is input to the second FET2 202. In 
FIG. 14, one end of a source inductor 2 222 is connected to 
the source of the first FET1 201, and the other end thereof 
is connected to the source of the second FET2 202. The 
5 series circuit of the other source inductor 1 221 and the 
grounded capacitor 211 and the constant current source 1 115 
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are connected in parallel to the source of the second FET2 
202. 

Therefore, in the present embodiment, the sum of the 
values of the two source inductors 221 and 222 is the source 
inductor value for the first FET1 201, and the value of the 
source inductor 1 221 is the source inductor value for the 
second FET2 202. Thus, the source inductor value is set to 
be large for the first FETl 201 to which a signal having the 
low frequency fRXl is input, and the source inductor value is 
set to be small for the second FET2 202 to which a signal 
having the high frequency fRX2 is input. Since the gain of 
an FET increases as the frequency of the input signal 
decreases as already described above in the sixth embodiment, 
the configuration described above makes it possible to have 
different source inductor values for the FETs 201 and 202 
while having the gains of the two FETs 201 and 202 at 
substantially the same value, thereby realizing a low noise 
figure and a desirable input return loss for each of the FETs 
201 and 202. 

Note that while it is assumed that the respective 
frequencies of the signals input to the first and second FETs 
201 and 202 have the relationship fRXl<fRX2 in the present 
embodiment, it is needless to say that when the relationship 
is conversely fRXl>fRX2, the position of the source inductor 
2 221 can be changed to a position between the source of the 
second FET2 202 and the constant current source 1 115 . 
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FIG. 15 illustrates a variation of the present 
embodiment. In the variation, the position of the first 
source inductor 1 221 of the present embodiment is changed to 
a position between the source of the second FET2 202 and the 
constant current source 1 115, with only the grounded 
capacitor 221 being arranged in parallel to the constant 
current source 1 115 . The variation provides effects as 
those of the present embodiment. 

(EIGHTH EMBODIMENT) 

FIG. 16 illustrates a configuration of an LNA block 
according to the eighth embodiment of the present invention. 
In the present embodiment, the power supply SW 1114 of the 
first embodiment is not provided, and the function thereof is 
assigned to a constant current source 2 116. 

Specifically, in FIG. 16, no power supply SW is 
provided. Moreover, the constant current source 2 116 has a 
control terminal 1161, and the potential of the control 
terminal 1161 is low during signal transmission and high 
during signal reception. The output current value of the 
constant current source 2 116 is "0" when the potential of 
the control terminal 1161 is low, and is equal to the 
constant current value II when the potential of the control 
terminal 1161 is high. The constant current source 2 116 
having a control terminal is sealed in a single package 
together with the two LNAs 111 and 112 to form a single 
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device 117 ' . 

Therefore, as compared with the first embodiment, the 
present embodiment provides the special effect that the power 
supply SW 1114 is eliminated, requiring no power supply SW at 
all, and the LNA block can be provided by using only one 
device 117 ' . 

FIG. 17 illustrates a first variation of the present 
embodiment. This variation is similar to the variation of 
the fourth embodiment except that the power supply SW 1214 is 
not provided, and the constant current source 1 125 is 
replaced by a constant current source 2 126 having the 
control terminal 1261. 

FIG. 18 to FIG. 29 respectively illustrate second to 
thirteen variations of the present embodiment. These 
variations respectively correspond to the configurations of 
FIG. 4 to FIG. 15 described above, except that no power 
supply SW is provided, and the constant current source is 
provided by using the constant current source 2 116 having 
the control terminal 1161 or the constant current source 2 
126 having a control terminal 1261. Therefore, there is 
provided the special effect that the LNA block or the D-mix 
block can be provided by using only one device as in the 
present embodiment. 

An exemplary specific configuration of the constant 
current source 2 116 having the control terminal 1161 or the 
constant current source 2 126 having the control terminal 
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1261 is illustrated in FIG. 20(b). The specific 

configuration of FIG. 20(b) is similar to that of the 
constant current source 1 115 illustrated in FIG. 6(b) except 
that the gate terminal of the FET 301 is replaced by the 
5 control terminal 1161. In the constant current source 2 116, 
the current value needs to be "0" when the potential of the 
control terminal 1161 is low (0 v) and equal to the constant 
current value 11 when the potential of the control terminal 
1161 is high. Therefore, the FET 301 of the constant current 
10 source 2 116 is provided by using an enhancement type FET 
whose current value is "0" when the gate voltage is "0" v. 
in such a case, the first FET1 201 and the second FET2 202 
may be set to different threshold values Vth. 

15 INDUSTRIAL APPLICABILITY 

As described above, the semiconductor apparatus and 
the communication apparatus of the present invention are 
useful as portable terminals and particularly suitable for 
reducing the number of components, improving the high 

20 frequency characteristics, and providing both a low noise 
figure and a desirable input return loss in a field effect 
transistor. 
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CLAIMS 

1. A semiconductor apparatus, comprising, on a same 
semiconductor substrate: 

two or more semiconductor devices to which two or 
more signals having different frequency ranges are input, 
respectively; and 

a constant current source commonly connected to one 
ends of the semiconductor devices, 

wherein at least one of the semiconductor devices is 
provided with a control terminal for turning on/off the 
semiconductor device. 

2. The semiconductor apparatus of claim 1, 

wherein each of the semiconductor devices is a power 
amplification device. 

3. The semiconductor apparatus of claim 1, 

wherein each of the semiconductor devices is a 
frequency conversion device. 

4. The semiconductor apparatus of claim 2, 

wherein the power amplification device is provided by 
using a field effect transistor. 

5. The semiconductor apparatus of claim 3, 

wherein the frequency conversion device is provided 
by using a dual-gate type field effect transistor. 

6. The semiconductor apparatus of claim 1, 2 or 3, 
comprising 

a power supply switch commonly connected to other 
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ends of the semiconductor devices. 

7. The semiconductor apparatus of claim 1, 2 or 3, 
wherein a constant current value of the constant 

current source is set to a current value needed for the 
semiconductor device requiring a lowest distortion among the 
two or more semiconductor devices . 

8 . The semiconductor apparatus of claim 1 , 2 or 3 , 
wherein a constant current value of the constant 

current source is set to a current value needed for the 
semiconductor device receiving a signal of a highest 
frequency range among the two or more semiconductor devices. 

9. The semiconductor apparatus of claim 1, 2 or 3, 
wherein the constant current source is provided by 

using a field effect transistor and a resistor. 

10. The semiconductor apparatus of claim 1, 2 or 3 , 
wherein the two or more semiconductor devices and the 

constant current source are sealed in a same package. 

11. The semiconductor apparatus of claim 1, 2 or 3, 
wherein output terminals of the two or more 

semiconductor devices are commonly connected and shared, with 
an output side return loss being less than or equal to -6 dB 
over an entire extent of each frequency range. 

12. The semiconductor apparatus of claim 4 or 5 , 
wherein a grounded capacitor is connected in parallel 

to the constant current source. 

13. The semiconductor apparatus of claim 12, 
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wherein an impedance value of the grounded capacitor 
for a frequency of the signal having a lowest frequency range 
among the two or more input signals is set to be sufficiently 
small for an impedance value of the constant current source. 

14. The semiconductor apparatus of claim 12 or 13, 
wherein an inductor is connected to a source of the 

field effect transistor. 

15. The semiconductor apparatus of claim 14, 
wherein the inductor is arranged in series with the 

grounded capacitor. 

16. The semiconductor apparatus of claim 1, 2 or 3, 
wherein the constant current source is provided with 

a control terminal for turning on/off the constant current 
source. 

17. A communication apparatus, comprising a 
semiconductor apparatus of claim 1 and an antenna, 

wherein the two or more signals having different 
frequency ranges that are received by the antenna are input 
to the respective semiconductor devices , or two or more 
signals having different frequency ranges that have been 
processed by the semiconductor devices are output from the 
antenna . 
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ABSTRACT 

A first low noise amplifier (LNA1 111) is provided 
with a control terminal (1115) for turning of /off the low 
noise amplifier (LNAl 111). Power terminals of the low noise 
5 amplifier (LNAl 111) and a second low noise amplifier (LNA2 
112) are commonly connected, and are connected to a power 
supply (10) via a power supply switch (1114). Ground 
terminals of the two amplifiers (LNAl 111) and (LNA2 112) are 
commonly connected, and a constant current source (1 115) is 

10 connected between the common terminal and the ground. The 
amplifiers (LNAl 111) and (LNA2 112) are turned on/off by 
switching the voltage applied to the control terminal (1115) 
of the first low noise amplifier (LNAl 111) between a high 
potential and a low potential. The power supply switch 

15 (1114) is turned off during signal transmission. Therefore, 
an LNA block can be provided by using only one power supply 
switch (1114), whereby it is possible to reduce the number of 
devices from that in the prior art, thereby realizing a 
reduction in the size thereof. 
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